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2  Detailed  Summary  of  Technical  Results 

The  objective  of  our  research  was  to  investigate  and  automate  the  cognitive 
processes  underlying  engineering  and  manufacturing  activities.  We  sought  also 
to  develop  “spinoff”  technologies  that  enable  advanced  engineering  tools.  In 
this  vein,  we  focussed  our  attention  on  the  planning  process  while  continuing 
our  efforts  on  simulation  compilation  and  automated  design.  In  the  latter  stages 
of  the  grant  we  shifted  emphasis  towards  the  software  agent  application  area. 

2.1  Planning  with  Continuous  Change 

With  J.  Scott  Penberthy,  I  designed  a  partial  order  planner,  ZENO,  that  effi¬ 
ciently  handles  domain  axioms  and  actions  with  complex,  conditional  and  met¬ 
ric  effects  that  take  place  over  extended  intervals  of  time,  zeno  reasons  about 
simultaneous  actions  including  continuous  change,  external  events,  and  actions 
that  interfere  with  each  other.  While  other  planners  exist  with  combinations  of 
these  features,  zeno  is  different  because  it  is  arguably  sound  and  complete,  yet 
reasonably  eflScient. 

To  achieve  this  performance,  ZENO  incorporates  three  novel  features: 

1.  a  technique  called  token  reduction  matches  equational  preconditions  to 
relevant  effects, 

2.  fast,  incremental  algorithms  from  operations  research  and  logic  program¬ 
ming  solve  metric  constraints,  and 

3.  lazy  evaluation  combined  with  the  Mean  Value  Theorem  deal  with  con¬ 
tinuous  change  and  interval  constraints. 

We  have  proven  that  the  ZENO  algorithm  is  sound  and  complete  (inodulo  a  few 
restrictions  on  the  action  representation).  In  addition,  ZENO  has  been  com¬ 
pletely  implemented  in  Common  Lisp  and  been  tested  in  numerous  domains. 
Our  techniques  allow  it  to  process  plans  requiring  only  simple  change  in  roughly 
the  same  time  as  required  by  the  UCPOP  planner;  hence,  the  cost  of  reasoning 
about  continuous  time  is  only  paid  when  strictly  necessary. 

2.2  Probabilistic  Planning 

Classical  planning  assumes  complete  and  deterministic  information  about  the 
world  state  and  the  effects  of  actions.  These  assumptions  are  inappropriate  for 
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many  domains:  turning  the  ignition  key  might  usually  start  one’s  old  car,  but 
occasionally  fail  for  unknown  reasons.  Even  if  a  deterministic  model  is  possible 
for  a  given  domain,  it  might  be  too  complex  to  be  useful.  For  example,  when 
deciding  between  an  indoor  and  an  outdoor  site  for  a  wedding,  one  is  likely 
to  use  a  probabilistic  model  to  forecast  the  weather  rather  than  project  the 
cloud  dynamics.  The  initial  world  state  is  also  a  source  of  uncertainty:  will  the 
freeways  be  crowded? 

With  Steve  Hanks  and  Nick  Kushmerick,  I  devised  a  planning  algorithm  that 
doesn’t  depend  on  the  assumptions  of  complete  and  deterministic  information. 
We  use  a  probability  distribution  over  possible  worlds  to  model  imperfect  infor¬ 
mation  about  the  initial  world  state,  and  we  model  actions  using  a  conditional 
probability  distribution  over  changes  to  the  world. 

Adopting  a  probabilistic  model  complicates  the  definition  of  plan  success.  In¬ 
stead  of  terminating  when  it  builds  a  plan  that  provably  achieves  the  goal,  our 
planner  terminates  when  it  builds  a  plan  that  is  sufficiently  likely  to  succeed: 
our  algorithm  produces  a  plan  such  that  the  probability  of  the  plan  achieving 
the  goal  exceeds  a  user-supplied  probability  threshold,  if  such  a  plan  exists.  Our 
work  makes  several  important  contributions. 

•  We  have  defined  a  symbolic  action  representation  and  provided  it  with 
probabilistic  semantics. 

•  We  have  developed  an  algorithm,  BURIDAN^,  for  probabilistic  planning 
and  proven  the  algorithm  is  both  sound  and  complete. 

•  We  have  implemented  BURIDAN  in  Common  Lisp  and  analyzed  its  per¬ 
formance.  In  particular,  we’ve  compared  the  efficiency  of  four  different 
probabilistic  assessment  algorithms  both  analytically  and  with  empirical 
experiments.  In  addition,  we  have  explored  the  interface  between  the 
process  of  generating  plans  and  the  process  of  evaluating  them. 

2.3  Formal  Foundations  of  Case-Based  Planning 

With  Steve  Hanks  I  developed  a  formal  foundation  for  the  field  of  case-based 
planning.  Case-based  planning  is  an  attractive  reasoning  paradigm  for  several 
reasons.  First,  cognitive  studies  have  shown  that  human  experts  depend  on  a 
knowledge  of  past  cases  for  good  problem-solving  performance.  Second,  compu¬ 
tational  complexity  arguments  show  that  reasoning  from  first  principles  requires 
time  exponential  in  the  size  of  the  problem.  Case-based  reasoning  systems  may 
avoid  this  problem  by  solving  a  smaller  problem:  that  of  adapting  a  previous 
solution  to  the  current  task.  Intuition  tells  us  that  most  new  problem-solving 
situations  closely  resemble  old  situations,  therefore  there  is  a  clear  advantage  to 
using  past  successes  to  solve  new  problems.  However,  while  research  efforts  in 
case-based  reasoning  have  made  advances  in  various  problem  domains,  general 
principles  and  domain-independent  algorithms  have  been  slower  to  emerge.  We 
explore  the  theoretical  foundations  of  case-based  planning,  in  particular  charac¬ 
terizing  the  fundamental  tradeoffs  that  govern  the  process  of  plan  adaptation. 

^  Jean  Buridan  (bco  re  dan'),  1300-58,  a  French  philosopher  and  logician,  has  been  credited 
with  originating  probability  theory.  He  seems  to  have  toyed  with  the  idea  of  using  his  theory 
to  decide  among  alternative  courses  of  action:  he  is  credited  with  the  story  of  “Buridan’s 
Ass,”  in  which  an  ass  that  lacked  the  ability  to  choose  starved  to  death  when  plciced  between 
two  equidistant  piles  of  hay. 
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Our  main  result  is  a  domain-independent  algorithm,  SPA^,  for  plan  adaptation 
that  is  sound,  complete,  and  systematic.  Soundness  means  that  the  output 
plan  is  guaranteed  to  satisfy  the  goal,  completeness  means  that  the  planner 
will  always  find  a  plan  if  one  exists  (regardless  of  the  library  plan  provided  by 
the  retriever),  and  systematicity  means  that  the  algorithm  explores  the  space 
of  adaptations  non-redundantly  (in  short,  it  will  never  consider  an  adaptation 
more  than  once). 

Systematicity  is  the  most  tricky  property  to  guarantee,  and  for  two  reasons:  first, 
the  adapter  operates  in  a  space  of  incomplete,  plans^.  Each  incomplete  plan  can 
expand  into  an  exponential  number  of  completions;  systematicity  requires  that 
the  adaptation  algorithm  never  consider  two  incomplete  plans  that  share  even 
one  completion,  while  completeness  requires  that  every  potential  completion  be 
considered.  Second,  plan  adaptation  requires  a  combination  of  retracting  pre¬ 
vious  planning  decisions  (choice  and  ordering  of  plan  steps,  binding  of  variables 
within  the  operator  schemas),  as  well  as  making  new  decisions.  Systematicity 
requires  that  a  decision,  once  retracted,  never  be  considered  again.  Achieving 
this  property  without  incurring  a  tremendous  amount  of  bookkeeping  overhead 
is  a  triumph  of  our  algorithm. 

We  implemented  our  algorithm  in  Common  Lisp  and  tested  it  in  both  the  blocks 
world  and  a  more  sophisticated  transportation  scheduling  domain.  Experimen¬ 
tal  studies  compare  our  algorithm  to  a  similar  effort  by  Kambhampati  and 
Hendler.  Our  results  show  a  systematic  speedup  from  plan  reuse  for  certain 
simple  and  regular  problem  classes.  The  simplicity  and  formal  properties  of 
the  SPA  algorithm  make  it  an  ideal  framework  for  characterizing  the  behavior 
of  existing  case-based  planners.  For  example,  we  analyze  Hammond’s  CHEF 
system,  showing  the  relationship  between  its  plan-repair  strategies  and  SPA’s 
simpler  search  algorithm,  and  demonstrating  that  CHEF’s  repair  strategies  are 
incomplete. 

2-4  Tractable  Reasoning  about  Locally  Complete  Infor¬ 
mation 

Agents  that  utilize  classical  planners  presuppose  correct  and  complete  informa¬ 
tion  about  the  world.  Having  complete  information  facilitates  planning  since  the 
agent  need  not  obtain  information  from  the  external  world  —  all  relevant  infor¬ 
mation  is  present  in  the  agent’s  world  model  (this  is  the  infamous  closed-world 
assumption  [10]). 

Unfortunately,  in  many  important  cases,  an  agent  does  not  have  complete  infor¬ 
mation  about  its  world.  For  instance,  a  robot  may  not  know  the  size  of  a  bolt 
or  the  location  of  an  essential  tool  [15,  11).  Similarly,  a  software  agent,  such  as 
the  UNIX  softbot  (software  robot)  [9,  8],  cannot  be  familiar  with  the  contents  of 
all  the  bulletin  boards,  FTP  sites,  directories,  and  files  accessible  through  the 
Internet. 

Recent  work  has  sketched  a  number  of  algorithms  for  planning  with  incomplete 
information  (e.^.,  [3, 15, 11, 17,  6,  8]).  Unfortunately,  these  planners  are  vulner¬ 
able  to  redundant  information  gathering  when  they  plan  to  “sense”  information 
that  is  already  present  in  the  agent’s  world  model  [7,  12,  13].  Since  satisfying 

^SPA  stands  for  “systematic  plan  adaptor,” 

^  An  incomplete  plan  may  be  partially  ordered,  may  contain  partially  constrained  variables, 
and  may  require  additional  steps  or  constraints  for  it  to  achieve  the  goal. 
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the  preconditions  of  an  information-gathering  action  can  involve  arbitrary  plan¬ 
ning,  the  cost  of  redundant  information  gathering  is  unbounded  in  theory  and 
quite  large  in  practice. 

With  Oren  Etzioni  and  Keith  Golden,  I  developed  and  implemented  a  solution 
to  this  problem.  Our  approach  utilizes  an  explicit  database  T>c  of  meta-level 
sentences  such  as  “I  know  all  the  files  in  /kr94,”  which  encode  locally  complete 
information.  The  information  in  this  database  is  similar  to  “closed  roles”  found 
in  knowledge-representation  systems  such  as  CLASSIC  [4],  LOOM  [5],  and  others. 
However,  our  approach  has  the  following  novel  features: 

•  A  sound  and  tractable  calculus  for  answering  queries  based  on  the  infor¬ 
mation  in  Tfc.  The  calculus  answers  queries  such  as:  if  the  agent  is  familiar 
with  all  the  files  in  the  directory  /kr94,  and  with  all  group-readable  files 
on  the  file  system,  does  it  follow  that  the  agent  is  familiar  with  all  the 
group-readable  files  in  /kr94?  Our  calculus  is  incomplete,  but  we  prove 
that  sound  and  complete  query  answering  is  uncomputable. 

•  A  sound  and  tractable  calculus  for  updating  the  Tfc  as  the  state  of  the 
world  changes.  The  update  calculus  answers  questions  such  as:  if  a  file  is 
deleted  from  /kr94,  is  the  agent  still  familiar  with  all  the  group-readable 
files  in  /kr94?  What  if  a  file  is  added  to  /kr94? 

•  This  machinery  is  incorporated  into  an  extended  version  of  the  UCPOP 
partial-order  planner  [16]  enabling  it  to  satisfy  universally  quantified  goals 
and  avoid  redundant  information  gathering  despite  the  absence  of  com¬ 
plete  information.  We  measure  the  impact  of  the  machinery  on  the  plan¬ 
ner,  utilizing  a  suite  of  test  problems  in  the  UNIX  domain,  and  show  how 
the  benefit  of  avoiding  redundant  information  gathering  far  outweighs  the 
costs  associated  with  maintaining  and  utilizing  the  Ifc. 

2.5  Model  Dimensions  and  Accuracy 

I  investigated  dimensions  characterizing  engineering  models  and  devised  tech¬ 
niques  for  automatically  selecting  models  based  on  their  accuracy.  The  overall 
framework  postulates  a  series  of  almost  orthogonal  dimensions:  model  scope, 
range,  resolution,  accuracy,  cost,  and  ontology. 

My  most  detailed  analysis  concerns  the  nature  of  simplifying  assumptions.  I 
used  Addanki’s  graph  of  models  (GoM)  framework,  a  directed  graph  whose 
nodes  represent  models  of  a  device  and  whose  arcs  are  labeled  with  the  sim¬ 
plifying  assumption(s)  that  are  added  when  traversing  the  edge  between  the 
two  models.  The  GoM  is  best  thought  of  with  the  simplest  models  at  the  top, 
the  most  complex  models  at  the  bottom  and  the  edges  pointing  upwards.  In 
this  context,  model  selection  can  be  seen  as  a  search  process  through  the  graph. 
Model  refinement  technques  move  from  the  current  model  downward,  while 
model  simplification  techinques  move  upwards.  We  argue  that  model  simplifi¬ 
cation  should  be  done  in  the  context  of  a  particular  goal  and  that  simplification 
operators  should  provide  some  sort  of  guarantee  on  the  accuracy  of  the  simplified 
model.  I  achieved  four  principle  results: 

•  The  notion  of  model  sensitivity  analysis  (MSA)  —  the  problem  of  predict¬ 
ing  how  a  change  in  models  will  affect  the  resulting  predicted  behavior 
over  time. 
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•  The  definition  of  a  class  of  model  relations  called  fitting  approximations 
for  which  the  problem  of  model  sensitivity  analysis  is  reduced  to  one  of 
computing  the  sign  of  partial  derivatives  in  a  single  model. 

•  An  implemented,  domain-independent  theory  of  query-directed  model  sim¬ 
plification  that  uses  bounding  abstractions  to  provide  a  guarantee  on  the 
answers  produced  in  the  approximate  model.  Model  sensitivity  analysis  is 
used  to  compute  the  bounding  abstractions. 

•  An  implemented,  domain-independent  theory  of  discrepancy-driven  model 
refinement  which  also  uses  model  sensitivity  analysis. 

2.6  Self-Explanatory  Simulators 

With  Franz  Amador,  I  devised  and  implemented  the  pika  self  explanatory  simu¬ 
lation  system  [2,  1].  Our  technique  utilizes  an  innovative  incremental  constraint 
system  for  determining  the  causal  order  of  simultaneous  equations.  This  greatly 
increases  the  speed  of  simulation  during  shifts  in  operating  regions. 


2.7  Innovative  Design 

With  Dorothy  Neville,  I  investigated  SIE  a  program  that  automates  first-principles, 
design  of  lumped  parameter  models  [14].  The  implemented  code  has  proven  to 
be  a  useful  testbed  for  empirically  evaluating  the  heuristic  adequacy  of  William’s 
ideas  about  Interaction  Topologies. 
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bilistic  Least-Commitment  Planning,”  Twelfth  National  Conference 
on  Artificial  Intelligence  (AAAI-94),  pages  1073-1078,  Seattle,  WA, 
July  1994. 

Golden,  K.,  Etzioni,  0.  and  Weld,  D.,  “Omnipotence  Without  Om¬ 
niscience:  Efficient  Sensor  Management  for  Planning,”  Twelfth  Na¬ 
tional  Conference  on  Artificial  Intelligence  (AAAI-94),  pages  1048- 
1054,  Seattle,  WA,  July  1994. 

Draper,  D.,  Hanks,  S.  and  Weld,  D.,  “Probabilistic  Planning  with 
Information  Gathering  and  Contingent  Execution,”  Second  Interna¬ 
tional  Conference  on  AI Planning  Systems  (AIPS-94),  31-36,  Chicago, 
Hi,  June  1994. 

Etzioni,  O.,  Golden,  K.  and  Weld,  D.,  “Tractable  Closed  World  Rea¬ 
soning  with  Updates,”  Fourth  International  Conference  on  Princi¬ 
ples  of  Knowledge  Representation  and  Reasoning  (KR-94),  178-189, 
Bonn,  Germany  May  1994. 

Barrett,  A.  and  Weld,  D.,  “Characterizing  Subgoal  Interactions  for 
Planning,”  Thirteenth  International  Joint  Conference  on  Artificial 
Intelligence  (IJCAI-93),  1388-1393,  Chambery,  France,  August  1993. 

Amador,  F.,  Finkelstein,  A.  and  Weld,  D.,  “Real-Time  Self  Explana¬ 
tory  Simulation,”  Eleventh  National  Conference  on  Artificial  Intel¬ 
ligence  (AAAI-93),  562-567,  Washington,  D.C.,  July  1993. 

Neville,  D.  and  Weld,  D.,  “Innovative  Design  as  Systematic  Search,” 
Eleventh  National  Conference  on  Artificial  Intelligence  (AAAI-93), 
737-742,  Washington,  D.C.,  July  1993. 

Sun,  Y.  and  Weld,  D.,  “A  Framework  for  Model-Based  Repair,” 
Eleventh  National  Conference  on  Artificial  Intelligence  (AAAI-93), 
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182-187,  Washington,  D.C.,  July  1993. 

Penberthy,  J.  S.  and  Weld,  D.,  “UCPOP:  A  Sound,  Complete,  Partial- 
Order  Planner  for  ADL,”  Third  International  Conference  on  Princi¬ 
ples  of  Knowledge  Representation  and  Reasoning  (KR-92),  103-114, 
Cambridge,  MA,  October  1992. 

Etzioni,  0.,  Hanks,  S.,  Weld,  D.,  Draper,  D.,  Lesh,  N.  and  Williamson, 
M.,  “An  Approach  to  Planning  with  Incomplete  Information,”  Third 
International  Conference  on  Principles  of  Knowledge  Representation 
and  Reasoning  (KR-92),  115-125,  Cambridge,  MA,  October  1992. 

Hanks,  S.  and  Weld,  D.,  “Systematic  Adaptation  for  Case-Based 
Planning,”  First  International  Conference  on  AI  Planning  Systems 
(AIPS-92),  96-105,  College  Park,  MD,  June  1992. 

Weld,  D.,  “Approximation  Reformulations,”  Eighth  National  Con¬ 
ference  on  Artificial  Intelligence  (AAAI-90),  407-412,  Boston,  Mas¬ 
sachusetts,  August  1990. 

Other  Refereed  Papers: 

Weld,  D.,  “An  Introduction  to  Least  Commitment  Planning,”  AI 
Magazine,  15:4,  27-61,  Winter  1994. 

Amador,  F.,  Berman,  D.,  Borning,  A.,  DeRose,  T.,  Finkelstein,  A., 
Neville,  D.,  Nothin,  D.,  Salesin,  D.,  Salisbury,  M.,  Sherman,  J.,  Sun, 
Y.,  Weld,  D.  and  Winkenbach,  G.,  “Electronic  ‘How  Things  Work’ 
Articles:  A  Preliminary  Report,”  IEEE  Transactions  on  Knowledge 
and  Data  Engineering,  5:600-610,  August  1993. 

Weld,  D.  and  Penberthy,  J.,  “A  New  Approach  to  Temporal  Plan¬ 
ning  (Preliminary  Report),”  1993  AAAI  Spring  Symposium  on  Foun¬ 
dations  of  Automatic  Planning:  The  Classical  Approach  and  Be¬ 
yond,  112-117,  Stanford,  CA,  1993. 

Weld,  D.,  “Generating  Simplified  Models  with  Confidence,”  Amer¬ 
ican  Society  of  Mechanical  Engineers,  Symposium  on  Automated 
Modeling  (ASME  DSC-Vol.  41),  21—29,  Anaheim,  CA,  November 
1992. 

Neville,  D.  and  Weld,  D.  “Innovative  Design  as  Systematic  Search,” 
1992  AAAI  Fall  Symposium  on  Design  from  Physical  Principles, 
19-24,  Cambridge,  MA,  October  1992. 

Sun,  Y.  and  Weld,  D.,  “Beyond  Simple  Observation:  Planning  to 
Diagnose,”  Third  International  Workshop  on  Principles  of  Diagnosis 
(DX-92),  66-75,  Orcas  Island,  WA,  October  1992. 

Weld,  D.,  “Automatic  Selection  of  Bounding  Abstractions,”  Sixth 
International  Workshop  on  Qualitative  Reasoning  (QR-92),  36-43, 
Edinburgh,  Scotland,  August  1992.  (Also  appears  in  AAAI-92  Work¬ 
shop  on  Approximation  and  Abstraction.) 

Hanks,  S.  and  Weld,  D.,  “Systematic  Plan  Adaptation,”  1992  AAAI 
Spring  Symposium  on  Computational  Considerations  in  Supporting 
Incremental  Modification,  13-18,  Stanford,  CA,  March  1992. 
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Amador,  F.  and  Weld,  D.,  “Microscopic  and  Statistical  Reasoning 
about  Populations,”  AAAI-91  Workshop  on  Model-Based  Reason¬ 
ing,  11-16,  Anaheim,  CA,  July  1991. 

Weld,  D.,  “System  Dynamics  and  the  Qualification  Problem”  In¬ 
ternational  Journal  of  Expert  Systems  3:425-435,  1990.  Reprinted 
as  a  chapter  in  Reasoning  Agents  in  a  Dynamic  World:  The  Frame 
Problem,  K.  Ford  and  P.  Hayes  (editors),  JAI  Press  Inc.,  Greenwich, 

CT,  1991. 

Weld,  D.  and  Addanki,  S.,  “Task-Driven  Model  Abstraction,”  Fourth 
International  Workshop  in  Qualitative  Physics,  pages  16-30,  Lugano, 
Switzerland,  July  1990. 

Amador,  F.  and  Weld,  D.,  “Multi-level  Modeling  of  Populations,” 
Fourth  International  Workshop  in  Qualitative  Physics,  210-219,  Lugano, 
Switzerland,  July  1990.  (also  appears  in  the  AAAI-90  Workshop  on 
Model-Based  Reasoning,  July  1990.) 

Reviews  and  Opinions: 

Etzioni,  0.  and  Weld,  D.,  “A  Softbot-Based  Interface  to  the  Inter¬ 
net,”  Communications  of  the  ACM,  37(7), 72-76,  July  1994.  Reprinted 
as  a  chapter  in  Advanced  Planning  Technology,  A.  Tate  (editor),  The 
AAAI  Press,  Menlo  Park,  CA.,  USA,  May  1996,  ISBN  0-929280-98- 
9. 

Weld,  D.,  “The  Seventh  International  Workshop  on  Qualitative  Physics,” 
AI  Magazine,  15(2),  page  88,  Summer  1994. 

Weld,  D.,  Book  Review  of  “Representations  of  Commonsense  Rea¬ 
soning,”  by  Ernest  Davis,  Artificial  Intelligence,  61:113-120,  1993. 

Weld,  D.,  “Comparative  Analysis  and  Qualitative  Reasoning,’^  IEEE 
Expert,  pages  5-8,  February  1991. 

Weld,  D.,  Book  Review  of  “The  Psychology  of  Everyday  Things,” 
by  Donald  Norman,  Artificial  Intelligence,  41:111-114,  November 
1989.  Reprinted  as  a  chapter  in  Contemplating  Minds:  Forum  in 
Artificial  Intelligence,  M.  Stefik,  B.  Clancy  and  S.  Smoliar  (editors), 
MIT  Press,  Cambridge,  MA,  1993. 

Weld,  D.,  Book  Review  of  “Women,  Fire,  and  Dangerous  Things” 
by  George  LakofF,  Artificial  Intelligence,  35:137-141,  May  1988. 
Reprinted  as  a  chapter  in  Contemplating  Minds:  Forum  in  Arti¬ 
ficial  Intelligence,  M.  Stefik,  B.  Clancy  and  S.  Smoliar  (editors), 
MIT  Press,  Cambridge,  MA,  1993. 
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4  Research  Transitions  and  DoD  Interactions 

I  have  had  close  interaction  with  researchers  at  Xerox  PARC  and  advise  on 
modeling  issues  in  their  automated  copier  diagnosis  project. 

I  have  collaborated  with  researchers  at  IBM  T.J.  Watson  Research  Center  in 
Hawthorne,  NY  on  issues  in  planning  and  design. 

I  collaborate  with  researchers  at  Rockwell  International  on  planning  algorithms. 
With  Professors  Etzioni  and  Hanks,  I  recently  received  a  grant  from  ARPA  / 
Rome  Labs  supporting  work  on  software  agents. 
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5  Software  and  Hardware  Prototypes 

We  developed  a  new  release  of  our  portable  Common  Lisp  implementation  of 
the  UCPOP  planner.  New  features  in  version  4.0  include: 

•  A  sophisticated  graphical  plan  debugger. 

•  Safety  constraints  [18]. 

•  Quantification  over  dynamic  universes  (object  creation  and  destruction). 

•  New  search  control  strategies  and  improved  search  control  language. 

•  Improved  user’s  manual  and  more  domain  theories  for  testing. 

•  Domain  axioms. 

•  Procedural  attachment  (predicates  expanding  to  lisp  code). 

•  Declarative  specification  of  search  control  rules 

•  Larger  set  of  domain  theories  &  search  functions  for  testing. 

•  Improved  speed. 

Since  distribution  is  via  annonymous  FTP,  we  suspect  that  many  people  have 
acquired  our  software  without  our  knowledge,  but  we  estimate  that  over  140 
sites  are  using  the  software.  Confirmed  users  include:  Air  Force  Rome  Labora¬ 
tories,  Boeing  Advanced  technology  Center,  Rockwell  International,  Jet  Propul¬ 
sion  Laboratory,  Xerox  Corporation,  IBM  Corporation,  AT&T  Bell  Labs,  Mas¬ 
sachusetts  Institute  of  Technology,  Stanford,  University  of  California  at  Berke¬ 
ley,  Carnegie  Mellon  University,  University  of  California  at  San  Diego,  Univer¬ 
sity  of  Southern  California  /  ISI,  University  of  Texas  at  Austin,  Northwest¬ 
ern  University,  Arizona  State  University,  Brown  University,  University  of  Pitts- 
berg.  University  of  Minnesota,  and  researchers  in  Prance,  Germany,  Switzerland, 
Canada,  Denmark,  and  Korea.  No  direct  comercialization  is  anticipated,  but 
we  licensed  the  code  to  Apple  Computer. 

We  have  implemented  a  planner  handling  incomplete  information  xii,  but  no 
comercialization  is  anticipated. 

We  have  implemented  a  local  closed  world  reasoning  module;  Apple  computer 
has  indicated  interest  in  licensing  the  code. 
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We  have  implemented  a  probabilistic  planner,  called  BURIDAN,  but  no  comer- 
cialization  is  anticipated. 

We  have  implemented  a  temporal  planner,  called  ZENO,  but  no  comercialization 
is  anticipated. 

We  have  improved  our  implementation  of  the  SIE  program  for  innovative  design. 
No  comercialization  is  anticipated. 

Using  a  combination  of  C,  Common  Lisp,  and  Mathematica,  we  have  imple¬ 
mented  PIKA  —  a  self  explanatory  simulation  compiler.  No  comercialization  is 
anticipated. 
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